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Description 

[0001 ] The present invention relates generally to drug 
administration devices, and in particular to a device for 
administrating a drug to a patient by means of his or her 
respiratory system. Such an inhalation device, in its sim- 
plest form, is commonly called an inhaler. It may be used 
e.g. for the controlled administration of drugs or for a 
variety of therapies using aerosolised drug administra- 
tion including anaesthetics. The inhaler delivers the 
drug, which is in the form of a liquid substance, as a 
dispersion of atomised droplets. Preferably, such a de- 
vice is small in size and battery operated so that the pa- 
tient may carry and use it in a discreet manner. Prefer- 
ably also the device is made in such a way that it is pos- 
sible to use the same device for administrating more 
than one drug and to distinguish one drug from another. 
More specifically, the present invention concerns the liq- 
uid droplet spray device which creates the droplet spray 
of the inhaler or aerosolised drug delivery system and 
its control means. 

[0002] Various devices are known for atomising a liq- 
uid. Document EP 0 516 565 describes am ultrasonic 
wave nebuliser which atomises water. This apparatus is 
used as a room humidifier. Vibration is transmitted 
through the water to the water surface from which the 
spray is produced. A perforate membrane is provided to 
retain the water in absence of oscillation. Such devices 
are particularly ineffective in vaporising suspensions as 
explained in the Research Article « Comparison of a res- 
piratory suspension aerosolised by an air-jet and an ul- 
trasonic nebuliser » by Susan L. Tiano and Richard N. 
Dalby in Pharmaceutical Development and Technology, 
1(3), 261-268 (1996). Typically, inhaler devices do use 
the same principle to atomise the liquid into droplets, 
see for example the document WO 95/15822. 
[0003] However, the droplet size does not only de- 
pend on the size of the outlet orifices of the perforate 
membrane, but is also dependant on the vibration fre- 
quency. In order to obtain a small droplet, a very high 
frequency must be used, typically over 1 MHz for drop- 
lets of about 10 |^m in diameter. This leads to an in- 
creased power consumption due to the high frequency 
so that such a device is not suitable for a small battery 
operated device. Furthermore, the exact size of the 
droplet is not always constant due to frequency re- 
sponse fluctuations with temperature and to membrane 
fabrication tolerances. 

[0004] As is generally known, the efficacy of a drug 
therapy treatment depends on the substance's activity, 
which depends on the composition, on the place of im- 
pact, i.e. the place at which it may carry out its activity, 
and on the dose repeatability, i.e. the fact that the vol- 
ume of each dose ejected remains constant. 
[0005] With a large variation of droplet size, it is al- 
most impossible to determine the quantity and where 
exactly the droplets will arrive. In fact, the liquid atom- 
ised by the inhaler is to reach certain parts of the lungs 



to have a maximum effect dependant on the therapy. It 
is thus desirable to be able to determine or to "target" 
the impact or deposition position of the droplets to obtain 
an efficient therapy. 
5 [0006] Further, the orifices can not be made too small, 
not only because of fabrication reasons, but also in order 
to avoid clogging of the outlet orifices by the substance. 
In fact, it is known that the aqueous solubility of the sub- 
stance solution depends on the composition of the drugs 
used and on its temperature. It is also known that such 
orifices might be clogged by very small amounts of drug 
left in the liquid spray device after atomisation. 
[0007] To ensure that a certain amount of substance 
is indeed released, it has been proposed to monitor the 
amount of liquid released when the inhaler is used. The 
document WO 92/1 1 050 describes such an inhaler hav- 
ing means for cyclically pressurising the liquid such that 
the liquid is periodically expelled and also having control 
means for deactivating the droplet generator after a pre- 
determined time, e.g. by using a timer, or after a prede- 
termined volume of liquid has been expelled. However, 
this document is completely silent about droplet size 
control, aqueous solution or suspension characteristics 
as well as about any deposition target determination and 
control of the liquid. 

[0008] Another prior art device is known from the doc- 
ument US-A-5,497,763. This device has a breath actu- 
ated release of aerosolised drug and has a porous mem- 
brane located above a dosage unit container. The pores 
are preferably cone-shaped to reduce the force needed 
to move the drug substance therethrough when collaps- 
ing the container. However, such a membrane is difficult 
to manufacture as the reproducibility of the pores is 
poor. Also, the difference in length and diameter of the 
pore channel results in a considerable difference of 
pressure drop across this channel. This varying pres- 
sure drop will thus also lead to a variation of the quantity 
and droplet size dispersion of the drug being expelled. 
Another problem is the alignment of the movable mem- 
brane with pores over each unit container resulting in 
another source of uncertainty over the expelled amount 
of drug. 

[0009] Indeed, the fabrication tolerance Ad of the 
pores, or outlet nozzles, is an essential factor in control- 
ling and determining the amount, i.e. the volume of an 
expelled droplet. In fact, this volume V depends on d3 
(V= 1/6 * fd3), d being the diameter of the outlet nozzle. 
For example, if d = 5 |^m, and Ad = ±0.5 jam, the droplet 
volume V may vary from 47.5 (d= 4.5) to 87 (d=5.5) 
which is a variation of 83%, far too high for usual industry 
standards. The United States FDA (Food and Drug Ad- 
ministration) imposes a repeatability of ±20% for 90% 
of the droplets, and ±25% for the remaining 10%. Both 
the device according to WO 92/11050 and to US-A- 
5,497,763 do not allow for such precision and repeata- 
bility. 

[0010] Also, the pre-cited documents are silent about 
avoiding layers or areas of liquid drug forming on the 
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outside surface of the nozzle array by well known cap- 
illary action and stiction. This is especially the case with 
devices where the same nozzle array is used several 
times, such as for example in the documents WO 
92/1 1 050 or WO 90/01 997. Such layers lead to the form- 
ing of liquid meniscus in front of the nozzles which are 
broken up by the piezo-activated spraying action but 
lead to a larger droplet size dispersion than without such 
layers. 

[0011] The document US-A-5,497,763 partially over- 
comes this problem by separating dosage containers 
and the porous membrane though which the drug is aer- 
osolised. However, the solution does not allow for the 
precision and repeatability of the cone-shaped pores 
used and the precise control of the drug delivery, requir- 
ing a pressure to be applied additionally to the piezoe- 
lectric vibrating means to force the liquid out. Also, the 
piezoelectric vibrating means is not compensated for its 
non-linearities adding to uncontrolled factors affecting 
the delivery of targeted delivery. 
[0012] It is, therefore, an object of the present inven- 
tion to provide a nozzle body for a liquid droplet spray 
device for an inhaler, as well as an inhaler itself, suitable 
for respiratory therapies which overcomes, at least par- 
tially, the inconveniences of the prior art and which al- 
lows for a true targeting of the impact of droplets thereby 
assuring a constant droplet size. In fact, this virtually 
constant physical size of the droplets, or mono-disper- 
sion of the droplets allows for an exact determination of 
the volume of liquid released and deposited. 
[0013] It is another object of the present invention to 
provide such a device which is simple, reliable to man- 
ufacture, small in size and low in cost. 
[0014] Thus, the present invention concerns a nozzle 
body for a liquid droplet spray device according to 
present claim 1 as well as a liquid droplet spray device 
according to present claim 4. The present invention fur- 
ther concerns an inhaler according to claim 1 9 allowing 
for a predicted deposition, and to claim 23 comprising 
several inventive spray devices to obtain a highly relia- 
ble operating system for anaesthetics or critical medi- 
cation nebulisation thanks to an operating redundancy 
of the spray devices. 

[0015] Thanks to the specific structure of the disper- 
sion or outlet nozzle of the spray device according to the 
present invention, i.e. thanks to the combination of a ta- 
pered cavity with a number of identically sized and tol- 
eranced straight non-tapered channels or distribution of 
such channels with different dimensions, it is possible 
to obtain a high precision, tightly toleranced output noz- 
zle array resulting in a virtually mono-dispersive droplet 
size so that it is possible to determine with improved ac- 
curacy, compared to prior art devices, the place of im- 
pact, i.e. the deposition of the droplets on the different 
selected lung sections as well as the amount of sub- 
stance that arrives there. Further, thanks to flow meas- 
urement and pressure supervision means which are 
preferably incorporated into the inventive spray gener- 



ating device, it is also possible to conclude with preci- 
sion on the delivered dose, and thanks to control means 
which are further preferably provided, it is possible to 
calculate a predicted deposition of the mono-dispersive 

5 droplets and to adapt to the type of medication and pa- 
tient concerned. Thus, an efficient therapy may be per- 
formed. Further, thanks to the inventive spray device, 
only a minimal amount of liquid is used as the exact 
amount released can be predetermined with a high pre- 

10 cision so that there is only a very small amount of waste 
and that the side-effects can be limited too. 
[0016] Other features and advantages of the liquid 
spray device according to the present invention will be- 
come clear from reading the following description which 

15 is given solely by way of a non-limitative example there- 
by referring to the attached drawings in which : 

Figure 1 shows a preferred embodiment of an in- 
haler suitable for respiratory therapies comprising 
20 a liquid droplet spray device according to the 
present invention, 

Figure 2 is a schematic cross-section of a first em- 
bodiment of the liquid droplet spray device accord- 
ing to the present invention, 
25 - Figure 3 is a schematic cross-section of a second 
embodiment of the liquid droplet spray device ac- 
cording to the present invention, 
Figure 4 is a schematic cross-section of a third em- 
bodiment of the liquid droplet spray device accord- 
30 ing to the present invention, 

Figure 5 shows a schematic block diagram of the 
electronic circuitry used in the inhaler according to 
the present invention, and 

Figure 6 is a graphic representation of the deposi- 
ts tion of the number of droplets against the lung gen- 
eration for a given flow rate and as a function of 
time. 

[0017] Referring now to Figure 1, an embodiment of 
40 an inhaler suitable for respiratory therapies is indicated 
by general reference 1. Inhaler 1 comprises a housing 

2 having a magazine 28 which may comprise a reservoir 

3 containing a liquid drug substance 4. Housing 2 is con- 
nected to a mouthpiece 6 in communication with the ex- 

45 terior of housing 2 to allow delivery of the drug to the 
patient by way of his mouth. Naturally, mouthpiece 6 
may be replaced by a nasal piece, or may be fitted with 
a nasal adapter to allow the inhaler to deliver the drug 
through the nose of the patient instead of through his 
50 mouth. However, reference will be made throughout the 
present description to a mouthpiece only thereby mean- 
ing a mouthpiece or a nasal piece or a nasal adapter or 
a nebulising set with or without a face mask. 
[0018] For ease of use, housing 2 may consist of two 
55 separable parts, upper part 2a and lower part 2b respec- 
tively, interconnected by hinges 26 and 27 or by other 
appropriate releasable securing means as described in 
more detail in the document EP 0 824 023. Lower hous- 
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ing part 2b has mounted therein magazine 28 which 
comprises at least one drug delivery system in the form 
of at least one liquid droplet spray device 5 each con- 
taining a space 9 (see figure 2) for storing liquid sub- 
stance 4. Magazine 28 may further comprise a non vol- 
atile memory means 29 connected to electronic circuitry 
or means 21 , and a portable power source 22, such as 
a lithium battery. Upper housing 2a may contain addi- 
tional magazines as a reserve. Magazine 28 is rotatably 
mounted in lower housing part 2b about an axis 23 so 
that, upon rotation of magazine 28 about this axis 23, 
each spray device 5 is placed, in turn, in a delivery po- 
sition with respect to mouthpiece 6. To this effect, the 
magazine may be caused to rotate about axis 23 by a 
stepper motor, not shown, controlled by electronic cir- 
cuitry 21 . Each spray device may comprise a sealant to 
maintain substance 4 within space 9 and which is peeled 
off when the spray device is aligned with mouthpiece 6. 
Such sealants are well known in the art and will not be 
explained in more detail here. However, it is also possi- 
ble that there is only one spray device 5 which is re-filled 
whenever necessary from reservoir 3 by way of a micro- 
valve 17 controlling this filling. 

[0019] Thus, reservoir 3 is connected to liquid spray 
device 5 which comprises space 9 containing a unit 
dose, such as 10 to 30 jliI or another suitable small 
amount of drug substance 4. Liquid spray device 5 cre- 
ates droplets of substance 4 by atomising the liquid sub- 
stance as will be explained in more detail further on. The 
droplets are released into mouthpiece 6, or the nasal 
adapter or the nebulising set, which has an open end to 
be inserted into the mouth, or nose, of a person so that 
the droplets may enter his or her respiratory airway. 
[0020] Figure 2 shows in more detail the structure of 
the liquid droplet spray device 5 according to the present 
invention. Liquid substance 4 enters spray device 5 by 
way of e.g. a very low pressure or capillary action. Such 
very low input pressure is important to provide very low 
exit velocity of the aerosol which is consequently easily 
absorbed into the inhalation air stream, limiting medica- 
tion deposition losses in the extrathoracic region. This 
can be achieved for example by way of at least one sup- 
ply tube or needle 7 through which a liquid substance 
may be supplied from at least one reservoir 3 into spray 
device 5. However, this filling may also be piston or 
plunger activated, however with pressure reduction or 
performed by way of a pump or a micropump at very low 
pressure. This may be carried out as described in the 
document EP-A-0 641 934. As mentioned, a micro- 
valve 17 may be provided to isolate reservoir 3 from 
spray device 5. This valve 17 may be external to the 
spray device as is shown, but it can also be integrated 
into the substrate or be part of the micropump supplying 
the filling. Preferably, valve 17 is controlled by medica- 
tion flow measurement means 19 which are provided 
and which may be incorporated in spray device 5 thus 
allowing precise dosage in conjunction with the valve. 
The reservoir 3 can be realised in a variety of forms so 



as to contain from several microliters to several millili- 
tres. A non-volatile memory 29 may further be suitably 
arranged within this reservoir 3. 

[0021] However, it should be noted that reservoir 3 

5 need not be provided at all or that liquid spray device 5 
itself can act as a reservoir. This can be the case for 
example when substances cannot stay in a container 
over an extended period of time or are to be mixed be- 
fore atomisation of the mixed component, one sub- 

10 stance being contained in reservoir 3 and the other in 
the pre-filled spray device 5. In any case, non-volatile 
memory 29 may contain information about a further pro- 
vided vibrating means 10, which is explained in detail 
hereafter, and about identity and dosage of substance 

15 4 or substances contained in reservoir 3 and in pre-filled 
liquid spray device 5. In another case, each liquid spray 
device 5 is pre-filled with the desired unit dose of a sub- 
stance 4. Of course, when there is no separate reservoir 
3, tube 7 is plugged to seal space 9, or even non-existant 

20 and no valve is needed. Thus space 9 is dimensioned 
such that it may contain the required amount corre- 
sponding to the desired unit dose, and a number of pre- 
filled spray devices 5 form magazine 28 such as de- 
scribed earlier. 

25 [0022] Spray device 5 consists thus of a housing 
formed of a superposition of a top substrate 18 and a 
bottom substrate 8 into which a space 9 is etched for 
containing liquid substance 4. In the embodiment as 
shown in figure 2, bottom substrate 8 thus has a thinner 

30 middle section acting as a membrane as will be ex- 
plained furtheron. Bottom substrate 8 may be made of 
glass, ceramics, silicon, high density polymer or the like. 
Top substrate 1 8 may consist of plastic, high density pol- 
ymer, ceramics, metal or silicon or the like for its main 

35 body, and of silicon for its nozzle body as will be ex- 
plained in more detail further on. The substrates 8 and 
1 8 are attached to each other, for example by anodic or 
fusion bonding, so as to form and enclose space 9. Bot- 
tom substrate 8 may also be fitted upside down with re- 

40 specttothe manner shown in figure 2, so that the bottom 
of space 9 is flat, this allowing for a higher compression 
of the volume of space 9 and for a more compact spray 
device 5. Device 5 also comprises a piezo-resistive el- 
ement acting as the aforementioned flow measurement 

45 means 1 9. This means 1 9 may be deposited on the inner 
surface of top substrate 1 8 or it may even be integrated 
into this top substrate and is located such that it may 
detect the flow of the droplets. For this reason, it is im- 
portant that channels 1 5 and nozzles 1 4 are tightly sized 

50 and toleranced and have a defined, repeatable pressure 
drop. 

[0023] A selective hydrophilic coating, such as an 
amorphous material such as Si02, may further be ap- 
plied to provide a protective layer around the inside walls 
55 of space 9 and/or of cavities 1 3 which are located in top 
substrate 1 8 as is explained hereafter to avoid any con- 
tamination of substance 4 by the material of these walls 
and to improve wettability in certain parts. This may be 
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carried out as described in the document EP-A-0 641 
934. This hydrophilic coating which may be applied as 
a selective, patterned coating is advantageously cou- 
pled with a selective, patterned hydrophobic coating in 
certain areas of space 9, cavities 13 and on the outside 
of substrate 18. In order to maintain the protective as- 
pect of these surfaces and at the same time to reduce 
the internal and external stiction due to capillary forces 
in space 9, and especially on the outside of substrate 
18, a hard amorphous carbon film, e.g. a diamond-like 
carbon, is provided, preferably in a selective patterned 
manner in these areas. Such selective film coating also 
allows for a more complete emptying of space 9 due to 
reduced stiction. Such coating and its hydrophobic prop- 
erties can be enhanced by fluorine plasma. 
[0024] The present Applicant has found that such sur- 
face property specific coating influences and improves 
droplet size dispersion and provides an even better mo- 
no-dispersive pattern released by the spray device. 
[0025] If substrate 18 is made, at least partially, of a 
polymer, then a polymer with very low surface energy is 
used advantageously in combination with the selectively 
patterned hydrophobic coating. If substrate 18 is made 
of a polymer, acrylic or e.g. a photosensitive epoxy in- 
cluding or not said selective hydrophobic coating, e.g. 
a diamond-like nano-composite or Teflon® coating, a 
silicon etched mask, using the deep silicon etching proc- 
ess described hereafter, is preferably used by providing 
the masks on the wafer used to obtain the top substrate 
to facilitate precise plasma etching, e.g. 02 plasma or 
UV exposure of photosensitive materials, of the chan- 
nels and of the output nozzles which are provided in the 
top substrate in said materials, as will be explained in 
more detail furtheron. 

[0026] Device 5 preferably comprises a vibrating ele- 
ment 10, e.g. a piezoelectric element, attached to the 
exterior bottom surface of bottom substrate 8 in the vi- 
cinity of its thinner middle section to cause vibration of 
substance 4 in space 9 through the membrane part of 
substrate 8. However, this element may also be located 
separated from spray device 5 directly onto a PCB. This 
element may be glued to or deposited on the bottom sur- 
face of the spray device or on the PCB. Electrodes 11 
and 12 are applied to piezoelectric element 10 and to 
bottom substrate 8 respectively. These electrodes may 
be spring-contacts which contact appropriate elec- 
trodes (not shown) connected to electronic means 21 
when the spray device 5 is rotated into its delivery po- 
sition. If the element is arranged on the PCB with or with- 
out intermediary elements, clamping means may be 
provided to bring the spray device into contact with the 
piezoelectric element 10 as will be explained in more 
detail furtheron with reference to figure 4. As may be 
readily understood, by assembling this piezoelectric el- 
ement to the thinner middle section of the bottom sub- 
strate which itself is assembled in the upside down man- 
ner mentioned above, a very compact spray device may 
be obtained. In this case for example, the operating data 



relating to vibrating element 10 are contained in elec- 
tronic circuitry 21 and non-volatile memory 29 contains 
only data relating to the identity and the dosage of the 
substance or substances to be delivered. 

5 [0027] It has been observed that the droplets size is 
inversely proportional to the excitation frequency as of 
a particular primary frequency and pressure. Preferably, 
piezoelectric element 10 vibrates at that particular pri- 
mary frequency which may be for example around 470 

10 kHz. Of course other frequencies may be used if appro- 
priate. Indeed, several embodiments have been satis- 
factory tested by the Applicant at a frequency of 100 
kHz and even of 30 kHz. It should be noted that the lower 
the frequency, the lower the power consumption, but the 

15 higher the number of outlet nozzles so as to obtain a 
desired liquid substance output. This vibration may be 
generated in a known manner e.g. by using a frequency 
oscillator. 

[0028] Advantageously, a flexible heating surface, 
20 such as a captan film with heating element, not shown, 
can be suitably fitted on substrates 8 and 1 8, to heat the 
liquid substance, to e.g. around 37°C, by applying an 
electric current in an appropriate manner to this heating 
element. Of course, it is also possible to deposit a con- 
25 ductive material on the inner surface of bottom substrate 
8, which thus corresponds to the bottom of space 9, to 
heat the liquid by applying a current to this conductive 
material. 

[0029] Thanks to this heating, the influence of any 
30 temperature fluctuations on substance 4, and in partic- 
ular on the particles which this substance contains, may 
be largely controlled. In fact, it is known that the dimen- 
sions of steroids which are commonly used in a drug 
substance vary with the temperature and become more 
35 soluble with a higher temperature, see for more details 
the article " Steroid / Cyclodextrin complexes for pulmo- 
nary delivery " by G.M. Worth, M. Thomas, S.J. Farr and 
G. Taylor; Proceed. Int'l Symp. Control. Rel. Bioact. 
Mater., 24 (1 997), pages 747 & 748, Controlled Release 
40 Society Inc. Furthermore, thanks to this heating, humid- 
ity influences due to the environment in which the spray 
device operates may also be taken into account to en- 
sure correct functioning. 

[0030] Furthermore, such heating may contribute at 
45 the end of the atomisation cycle to evaporate any minute 
amount of liquid left in space 9, same as a continuation 
for a predetermined time of the actuating of the vibrating 
means after the inhalation cycle has ended. 
[0031] Preferably, a temperature influence compen- 
50 sation of the frequency oscillator is also provided to en- 
sure that the excitation frequency of piezoelectric ele- 
ment 10 may be controlled by an appropriate feedback 
control circuit, again to avoid differences in droplet size 
and to ensure correct operation under varying ambient 
55 conditions. In a preferred embodiment, these feedback 
control means or compensation means may comprise 
at least one polynomial processor in which non-linearity 
compensation factors, such as those due to the temper- 
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ature, the humidity or other environmental factors are 
pre-stored in the non-volatile memory device 29 such 
as e.g. an EEPROM, together with the corresponding 
medical device quality-controlled related data and med- 
ication identification and dosage instructions, as ex- 
plained in more detail with figure 5. 
[0032] Such an EEPROM or other memory device is 
preferably associated, in a modular fashion, with the 
reservoir, the valve etc., and the spray device, which 
might be disposable, according to the configuration, al- 
lowing to use the same power source 22 and electronic 
circuitry 21 for multiple diverse therapies. For example, 
an asthmatic or a diabetic person may use the same 
inhaler for two types of medication by exchanging the 
reservoir, the valve etc. and spray device module. 
[0033] An example of the dimensions of the different 
parts of spray device 5 is given hereafter The height of 
space 9 is less than 400 |um, the top surface of bottom 
substrate 8 is etched away for about 200 \im for a spray 
device having a total top su rface of about several square 
millimetres. 

[0034] As mentioned above, in a preferred embodi- 
ment, top substrate 1 8 may be formed of two materials, 
plastic for the main body, and silicon for the nozzle body. 
This nozzle body corresponds to a centre part of top 
substrate 1 8 which comprises outlet nozzles 1 4 and ac- 
cesses from space 9 to these outlet nozzles. Silicon is 
preferably used for this nozzle body as it may be mi- 
cromachined to obtain a very high precision manufac- 
turing, such a high precision and absence of leachable 
components being much more difficult to obtain with 
plastics or the like, for instance by using an UV exposure 
or a plasma etching treatment of various plastic materi- 
al, but silicon is also more expensive than plastics. How- 
ever, top substrate 18 may of course be made of only 
silicon or even of only plastics. Outlet nozzles 14 and 
accesses are formed in the nozzle body of the top sub- 
strate 1 8, so that the excited substance 4 may leave de- 
vice 5 as a droplet spray. To this effect, this top substrate 
18 is micromachined, for example in a well known ani- 
sotropic etching manner at several places to obtain ta- 
pered, pyramid-shaped cavities 13 which are for exam- 
ple about 200 to 400 |um deep. These pyramid shaped 
cavities can have a square or an elongated base and 
be of any number to provide the correct internal volume 
and flow characteristics for a particular substance 4. 
Each cavity 13 then has a top surface having a side 
length of about 1 00 - 200 |um. Within this top surface of 
each cavity 13 at least one output channel 15 is provided 
to connect cavity 13 to an outlet nozzle at the exterior 
of top substrate 18. This output channel is preferably 
micromachined using a rapid deep vertical anisotropic 
plasma etching of silicon, e.g. at room temperature or 
low temperature and advanced silicon etch solution 
process. The Applicant has developed techniques to 
machine these channels with a near vertical and smooth 
profile, thereby significantly reducing undercutting and 
maintaining tight control over tolerances. This provides 



for a precisely defined pressure drop, droplet size and 
flow behaviour across channel 1 5 for aqueous solutions 
and suspensions whereas the smooth surface is suited 
for medications carrying small solid particles, e.g. 1 to 
5 3 |um, in suspensions. The same effect can be obtained 
proportionally with larger dimensions, e.g. with nozzles 
of 10 |wn or larger. 

[0035] Thus, at the outer end of each output channel 
15 at least one output nozzle 14 is provided through 

10 which the excited liquid substance is ejected as a droplet 
spray. The used technology allows to etch-extremely 
precise, deep channels having straight and smooth 
side-walls and being round or square with a very tight, 
repeatable tolerance and allows to etch areas around 

15 nozzles 14 as explained herebelow. The process be- 
tween lithography and etching can be arranged so as to 
adapt the lithography mask to the desired diameter as 
a function of the process tolerances thus guaranteeing 
the uniform precision of the nozzles and of the droplets. 

20 in the present example, each output channel 1 5 is about 
1 5 |um long and 5 jum wide with nozzle 1 4 having a max- 
imum opening of around 5 |um. Dimensions as well as 
the number of nozzles may of course be readily modified 
depending on the amount of drug and on the corre- 

25 sponding droplet size to be ejected as will be explained 
in more detail here after. However, it should be noted 
that the length of this output channel 15 should not be 
too long to avoid a large pressure drop across this chan- 
nel resulting in a change of the droplet size as ejected. 

30 [0036] Preferably, a selective, patterned hard amor- 
phous carbon film, e.g. diamond-like carbon, of for ex- 
ample 100 nm (10-9 m) is deposited in various areas, 
notably inside all or part of cavity 1 3 and output channel 
15, certain areas of space 9 and on all or part of the 

35 outside of substrate 18. Such coating further improves 
smoothness and lowers flow resistance in channel 15. 
[0037] Figure 3 shows a second embodiment of liquid 
spray device 5 in which vibrating element 1 0 and bottom 
substrate 8 are advantageously replaced by a single pi- 

40 ezoelectric ceramic element 1 0 of an appropriate shape. 
The different parts which correspond to those of figure 
2 have been indicated by the same reference numerals. 
A protective glass or a silicon-nitrate layer, referenced 
8a, is deposited on this vibrating element 10 to isolate 

45 the latter from substance 4. This deposition avoids un- 
desired leachables from the vibrating element 10 or its 
electrode into the drug substance. The selective, pat- 
terned hydrophilic or hydrophobic coating can be ap- 
plied similar as to the previous embodiment. 

so [0038] Figure 4 shows a third embodiment of liquid 
spray device 5 as described in the previous embodi- 
ments in which the vibrating element 10 does not form 
part of spray device 5 as such. Instead, this element 1 0 
is arranged on a support, for example a PCB, indicated 

55 by reference P, which may further contain e.g. the elec- 
trodes, the power source and the electronic means 21 
for the vibration generation and dosage control including 
a non-volatile memory for the functional parameters of 



6 



11 



EP 0 923 957 B1 



12 



the piezoelectric element 1 0. Liquid spray device 5 may 
then be brought into tight contact with piezoelectric el- 
ement 10 using appropriate attachment means, e.g. by 
one or more clamping devices 10a, for attaching the 
spray device to the PCB. Together, this spray device and 
the PCB comprising the vibrating means, i.e. the piezo- 
electric element, form a liquid spray device assembly 
which functionally corresponds to the spray device of 
figures 2 and 3. Clamping means 10a may be provided 
either as a separate element or may be formed integrat- 
ed with the PCB to allow for a quick clamping of spray 
devices. Such clamping means are well-known as such 
and may be readily conceived by a skilled person. Fur- 
thermore, the top substrate may be micromachined in 
such away as to provide recessed areas around output 
nozzles 1 4 such as shown. Such top substrate 1 8a may 
of course also be used in the embodiments of figures 2 
or 3. Such recessed areas in combination with straight 
output channels 15 and tightly toleranced output noz- 
zles 14 contribute to the monodispersive nature of the 
ejected spray by providing minimum stiction surface for 
the liquid 4 around output nozzles 14. 
[0039] The ratios between the different individual di- 
mensions, such as the internal volume height of space 
9, the distance between the nozzles, the length of the 
membrane part of substrate 8 etc. result in factors such 
as compression ratio, stroke amplitude of the mem- 
brane etc. which together with the electronic parameters 
such as amplitude and frequency allow to adapt the in- 
ventive spray device to various liquid characteristics 
such as viscosity. 

[0040] Thanks to the inventive arrangement of spray 
device 5, virtually mono-dispersive droplets are ejected 
which allow for a precise calculation of the amount of 
drug which will enter the various parts of the lungs. As 
the top surface of cavity 13 is much larger than the actual 
nozzle surface, it is thus possible to provide several out- 
let nozzles 14 on each cavity surface in order to eject 
more droplets simultaneously, and thus a larger amount 
of drug. Advantageously, several cavities 13 can also 
be combined to form a single elongated pyramid- 
shaped trench, and even several of these trenches may 
be combined in a suitable arrangement. An increased 
internal volume is then obtained which also has a lower 
impact risk for the excited liquid trying to leave the de- 
vice. Furthermore, such an arrangement is easier to 
manufacture and is thus lower in cost. 
[0041 ] The diameter of a droplet depends on the noz- 
zle hole size for a given frequency of the vibration of the 
liquid substance and the inlet pressure. In the present 
example where a frequency of around 470 kHz is used, 
the droplet diameter has been found to be around 5 |iim, 
the diameter of the hole of nozzle 1 4 is around 7 jwn and 
the inlet pressure is a few millibar. One such a droplet 
thus contains a quantity of around 67 femtoliters (10-15 
I) so that as such the number of nozzles may be deter- 
mined as a function of the amount to be ejected. In a 
practical case, the number of nozzles may vary from 



around 600 to about 1500. 

[0042] Further, a frequency vibration adaptation may 
be provided. Indeed, the exact resonance frequency of 
the piezoelectric vibrating element varies from one 

5 piece to another and as a function of ambient conditions 
such as the temperature. In case the liquid droplet spray 
device is a disposable part of the inhaler containing the 
reservoir as described above, it is advantageous to fur- 
ther provide the aforementioned EEPROM memory de- 

10 vice with parameters containing the exact resonance 
frequency of the vibrating piezoelectric element forming 
part of the liquid droplet spray device. Electronic means 
21 are preferably arranged to detect and to correct mode 
and frequency range of a particular piezoelectric ele- 

15 ment, to read this information and to adapt the vibration 
frequency to be applied to the piezoelectric element ac- 
cordingly so that the new device will continue to function 
correctly under varying environmental conditions such 
as ambient temperature. 

20 [0043] Inhaler 1 further comprises control means 16 
(see figure 5) for controlling the amount of droplets to 
be ejected. This amount depends on the amount of drug 
which is to reach the different parts of the lungs. Control 
means 1 6 which may form part of electronic circuitry 21 , 

25 advantageously further comprise an inhalation flow sen- 
sor 7 located conveniently, in this example near mouth- 
piece 6. Such a flow sensor is know per se, see e.g. the 
aforementioned document WO 92/15353. In this docu- 
ment, the sensor is used to determine an operating 

30 range within which the inhaler, a pMDI or a piston-acti- 
vated device, will be activated. In the present invention, 
the inhalation flow sensor 7 is used in conjunction with 
the medication flow measurement means 19 and/or a 
lung model, explained hereafter, implemented in elec- 
ts tronic means 21 to effectively measure and control drug 
flow for every inhalation according to a lung model cal- 
culation which is explained below and in connection with 
temperature measurement to provide a flow and tem- 
perature controlled unit dose. 

40 [0044] In a preferred embodiment, medication flow 
measurement means 1 9 are realised in the way of a dif- 
ferential pressure sensor allowing a more complete su- 
pervision of the spray device by not only measuring the 
flow, but which may also detect an empty reservoir 3 

45 and or space 9 as well as a possible occlusion. 

[0045] The present Applicant has used, and imple- 
mented in electronic circuitry, a model of the lungs and 
of their functioning and, through a great amount of ex- 
perimentation the following has been observed. As is 

50 generally known, the lungs which have 23 generations 
may be separated in three different regions: the trachea 
(until the sixth generation), the centre region (until the 
16th generation) and the alveoli. However, it has been 
observed that a certain droplet size is more suitable for 

55 effectively reaching the different regions. For example, 
a droplet having a size of around 3 to 5 |um will easier 
reach the alveoli region, but a droplet with a size of 
around 10 |um will reach the centre region, whereas a 
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droplet size of around 1 6 |um assures that the droplets 
arrive at the trachea region. 

[0046] Thanks to these observations, it is thus possi- 
ble to determine which droplet size and dosage of a drug 
is to be used for a desired therapy and for a type of pa- 
tient (infant, child or adult) and to design the inhaler ac- 
cording to the required dosage. 

[0047] Furthermore, thanks to the lung model, a for- 
mula was established which takes into consideration the 
principal losses which occur of the amount of drug due 
to several physical influences. Indeed, it has been found 
that the amount of drug to be ejected, referenced De, 
relates to the amount of drug deposited on the target 
region, referenced Dd, for a given inhalation flow rate 
according to the following deposition efficacy equation: 

Dd = U*V*X*Y*Z*De (1) 

in which U is an initial loss factor which occurs in the 
mouth and throat according to the article « Intercompar- 
ison of experimental regional aerosol deposition data » 
by W. Stahlhofen, G. Rudolf and A.C. James, Journal of 
Aerosol medicine, volume 2, number 3, 1989, page 285 
ff., V is a loss factor due to exhalation of the patient be- 
fore the droplets have reached their target, and where 
X is a loss factor due to sedimentation, or gravity, of the 
drug, Y is a loss factor due to impact loss at a bifurcation 
of lung branches, and Z is a loss factor due to diffusion 
in the lungs. These parameters may be determined for 
various flow rates, droplet sizes and molecular weight 
of the substance, and deposition probability models can 
be calculated. Naturally, it is well known that such pa- 
rameters vary greatly between neonates, children and 
adults, because of the difference in lung size and sur- 
face available for deposition. The same dosage can thus 
result in large variations of drug concentration on the 
deposition site depending on the type of patient. The tar- 
get amount De can thus be adapted to the type of patient 
thanks to the lung model implemented in electronic 
means 21 of the present invention. 
[0048] A signal processing and digital compensation 
circuitry including a polynomial processor has been re- 
alised by the present Applicant for control means 1 6, for 
storing and processing the non-linearities of the inhala- 
tion flow sensor 7, medication flow sensor 19 and pie- 
zoelectric element 10. 

[0049] Figure 5 shows an example of a block diagram 
of the electronic circuit means 21 and its relation to the 
different elements such as the mentioned compensation 
means controlled by this means 21. The electronic 
means 21 receives parameters containing information 
coming from the inhalation flow means 7 at input 11 , from 
medication flow means 19 at input 12, from a tempera- 
ture sensitive element (not shown) at input 13 and from 
EEPROM 29 incorporated in reservoir 3 at inpot 14. Elec- 
tronic means 21 contains at least one polynomial proc- 
essor unit 21a arranged to receive and to sequentially 



process these parameters, an EEPROM or other non- 
volatile memory 21 b connected to a first input/output of 
processor 21 a, control means 1 6 in the form of a micro- 
controller connected to the output of EEPROM 21 b and 

5 to another input/output of processor 21 a, a vibrating el- 
ement frequency oscillator driving stage 21 d connected 
to the output of microcontroller 1 6 to adapt the frequency 
to be applied to vibrating element 10, and thus forming 
the aforementioned compensation means, and aboost- 

10 er valve control means 21c adapted to control the posi- 
tion of an optionally available boosting means as ex- 
plained below. As mentioned, an output 01 may be pro- 
vided to adapt the position of a suitably arranged boost- 
er valve as explained in more detail furtheron. Two other 

15 outputs 02 and 03 connect the output of the vibrating 
element frequency oscillator driving stage 21 d to the 
electrodes 11,12 respectively for exciting piezoelectric 
element 10. 

[0050] An additional circuit featuring rule-based con- 
20 trol designed by the Applicant, see the European patent 
application No. EP-A-0748 482, allows for programming 
drug dosage as a function of the patient (his age, height 
etc.) and of various control parameters, such as inhala- 
tion flow rate, ambient temperature, deposition set point, 
25 etc.. The mentioned circuitry for control means 16 can 
of course be implemented as a very low power ASIC or 
using a microcontroller using the same or a similar soft- 
ware program. In a preferred embodiment, the piezoe- 
lectric element frequency oscillator driving stage 21 d is 
30 realised in high voltage (1 0 to more than 30 volts) CMOS 
technology. 

[0051] Figure 6 shows a graph indicating the amount 
of droplets deposited in a particular lung region of an 
adult at a given flow rate with time for a given monodis- 

35 persive droplet size and ratio. In this example, the inha- 
lation flow rate is 20 l/min, and the droplet size is 5 |iim. 
The graph is shown for a specific vibration frequency 
and for a certain number of nozzles of the liquid spray 
device. In this example of the deposition representation, 

40 the number of nozzles is 50 whereas the vibration fre- 
quency is 100 kHz. It should be noted that this graph 
represents a theoretical situation based on the above- 
mentioned lung model so that the indicated deposition 
after the 23rd lung generation is of course to be ignored. 

45 The figure shows several graphs, each graph represent- 
ing a given time elapsed after the start of the inhalation 
cycle. It may be seen from this graph that after a first 
given time, in this example after 300 ms which corre- 
sponds to graph A, a certain peak amount of droplets, 

50 around 250,000, have been deposited around the 18th 
and 20th lung generation. After 600 ms, graph B, more 
droplets have been deposited, around 600,000, but the 
peak deposition remains around the 18th to the 20th 
lung generation. After 1000 ms, graph C, around 

55 1,20 0,000 droplets have been deposited, also in this 
peak deposition region, whereas after about 1.3 sec- 
onds, see graph D, almost 1,600,000 droplets are de- 
posited there. It should further be noted that, according 
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to this model, if the vibration frequency is increased to 
400 kHz, i.e. 4 times as high, the number of droplets 
deposited will increase with a factor four, but the depo- 
sition distribution will remain substantially the same. 
Clearly, the lung model thus allows for a predicted dep- 
osition of droplets at certain lung regions depending on 
parameters which may be controlled by a skilled person 
[0052] Thus, from this figure 6 it is clear that a skilled 
person can determine, for a given inhalation flow rate, 
the total amount of drug to be released in order to obtain 
the desired amount at a desired region. Indeed, the 
droplet size may be determined by the specific structure, 
and as the droplets are mono-dispersive, the total 
amount released may be determined. 
[0053] The amount of droplets to be ejected may be 
controlled by the control means 16 in accordance with 
equation 1 which may be pre-programmed into these 
control means 16. Thus, depending on the different di- 
mensions of the inventive spray device, the amount of 
droplets to be ejected may be determined and the con- 
trol means may thus interrupt the ejection when the 
amount ejected has reached the desired amount. This 
may be performed by including measurement means 
such as the medication flow measurement means 19 
within the spray device so as to allow for a determination 
of the amount ejected. Such means are in principle well 
known in the field, see e.g. the already mentioned doc- 
ument WO 92/11050. 

[0054] However, this and other known solutions are 
bulky and require a relatively large dead volume which 
is of a disadvantage for the effective delivery of such 
small doses of around 1 0 to 20 jllI. In order to overcome 
such problems, the following advantageous variant is 
proposed for flow measurement means 19. Preferably, 
a piezoelectric resistor is deposited inside top substrate 
1 8 or 1 8a at a suitable location near the exterior of spray 
device 5. It can be assumed that the pressure outside 
spray device 5 is close to ambient pressure. The inno- 
vation of this variant resides in combining the inhalation 
flow sensor mentioned above and this internal pressure 
sensor, which is the flow measurement means 1 9, to de- 
termine the differential pressure allowing to measure the 
drug flow. Indeed, in a known manner, the piezoelectric 
resistor may form part of half a resistor bridge to meas- 
ure the pressure, whereas the ambient pressure or the 
pressure inside mouthpiece 6 is considered known so 
that a differential pressure calculation may be deter- 
mined. As mentioned above, this flow measurement 
means 1 9 may be integrated within top substrate 1 8 or 
18a. 

[0055] In order to ensure that a certain amount of the 
liquid substance ejected is not exhaled after the inhala- 
tion cycle and enters the lungs as far or as deep as pos- 
sible, also at the end of the exhalation cycle of a patient, 
boosting means, not shown, are further preferably pro- 
vided which are placed between the outlet nozzles 14 
and mouthpiece 6. Such boosting means may comprise 
a duct having a pressure-drop section through which the 



droplet spray passes. Pressure control means, e.g. in 
the form of a valve-opening, are then provided in the 
duct to allow to lower the resistance in the duct. In this 
way, at the end of the inhalation cycle such as detected 

5 by the inhalation flow sensor, the resistance is lowered 
by opening the valve so that extra speed is provided to 
the droplets which may then be pushed downwards into 
the deeper regions of the lungs. As can be seen in figure 
6 too, after a certain length of time, e.g. 300 ms (graph 

10 A), a large amount of droplets does indeed arrive at the 
target region, but there are also a lot of droplets which 
do not descend very deeply, but merely stay around the 
5th or 6th lung generation and which may thus, with 
time, escape back out with the exhalation of the patient. 

15 These boosting means compensate for such non-de- 
sired effect at the end of the inhalation cycle and thus 
consist in forcing down the droplet spray into the lungs. 
This has as result that the graphs represented in figure 
6 will be shifted towards the right, i.e. more droplets will 

20 reach the deeper regions. 

[0056] Thanks to the inventive inhaler and its liquid 
spray device, an accurate prediction of place of deposi- 
tion and of quantity of the drug substance may be carried 
out, thus resulting in a deposition optimisation so that a 

25 more efficient therapy may be obtained than is the case 
for the mentioned prior art device. 
[0057] The mentioned inhalation sensor may also be 
used, with suitable adaptation, as an exhalation flow 
sensor in order to train patients to retain their breath for 

30 acertain period of time to aid the retention of medication, 
or to minimise the above mentioned exhalation losses, 
but also to correlate the mentioned exhalation loss fac- 
tor V. 

[0058] Advantageously, the inventive spray device 

35 may be used in a highly reliable inhaler for critical med- 
ications which comprises to this effect at least two spray 
devices. As the flow measurement means 19 allow to 
detect plugging or blocking of nozzles and/or an empty 
reservoir as is mentioned here above, it is thus also pos- 

40 sible to detect the operation of the spray device itself, i. 
e. if this spray device is still functioning. The inhaler may 
thus, if a spray device is considered to be inoperative, 
switch, via electronic means 21 , to another spray device 
to maintain the intended drug flow. Appropriate adaption 

45 to the electronic and/or control means may be provided 
to this effect, as such means may be conceived readily 
by a skilled person, they will not be described in detail 
here. Thanks to this redundancy of spray devices, a con- 
tinuous reliable operation of the inhaler is obtained. 

so [0059] Having described the preferred embodiments 
of this invention, it will now be apparent to one of skill in 
the art that other embodiments incorporating its concept 
may be used. It is felt, therefore, that this invention 
should not be limited to the disclosed embodiment, but 

55 rather should be limited only by the scope of the append- 
ed claims. 
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Claims 5 

1. Nozzle body for a liquid droplet spray device (5), 
said nozzle body being arranged to receive a liquid 
substance (4) from said liquid spray device, com- 5 
prising 

a silicon substrate (18, 18a), and 
outlet means (13, 14, 15) formed in said silicon 
substrate (18, 18a) for ejecting liquid as a low 10 6 
pressure mono-dispersive droplet spray when 
said liquid substance undergoes a vibration, 
said outlet means comprising a cut-off pyramid- 
shaped tapered cavity (13) which is microma- 
chined in said silicon substrate (18, 18a), and 15 
further comprising at least one outlet nozzle 
(14) and at least one output channel (15) con- 
necting said tapered cavity (13) to said at least 
one outlet nozzle (14), said outlet nozzle (14) 
and said output channel (15) having straight 20 
side-walls having of tightly toleranced vertical 
length and diameter. 7 

2. Nozzle body according to claim 1, wherein said 
straight side-walls of said output channel (15) and 25 
said outlet nozzle (14) have a near vertical profile 
obtained by a deep vertical anisotropic plasma 
etching of said silicon substrate (18, 18a). 

3. Nozzle body according to claim 1, wherein said 30 
straight side-walls of said output channel (15) and 

said outlet nozzle (14) have a near vertical profile £ 
obtained by UV exposure of photosensitive plastics 
or by plasma etching of plastics or other microma- 
chining, using a silicon micromachined wafer for 35 
providing the mask for obtaining the nozzle body. 

4. Liquid droplet spray device (5) for an inhaler (1 ) suit- 
able for respiratory therapies, comprising: S 

40 

a housing, 

a space (9) within said housing for containing 
a liquid substance (4), 

means for supplying (7) said liquid substance 
(4) to said space (9), and 45 
vibrating means (10) disposed to vibrate said 1 
liquid substance (4) in said space (9), 

characterised in that said liquid droplet 
spray device further comprises a nozzle body ac- 50 
cording to anyone of the preceding claims arranged 
in said housing, 

and in that said vibrating means are arranged 
to eject the liquid substance (4) as a low-pressure 
mono-dispersive droplet spray through said outlet 55 
nozzles (1 4) of said nozzle body with a very low exit 
velocity. 



i. Liquid droplet spray device (5) according to claim 
4, wherein said housing is formed of a superposition 
of a first or top substrate (1 8; 1 8a) and a second or 
bottom substrate (8; 8a), said output channel (15) 
and said outlet nozzle (14) being formed in said top 
substrate (18; 18a) and having straight side-walls 
obtained by a deep vertical anisotropic plasma 
etching of said top substrate (1 8). 

i. Liquid droplet spray device (5) according to claim 
4, wherein said housing is formed of a superposition 
of a top substrate (18) and a bottom substrate (8; 
8a), said output channel (15) and said output nozzle 
(14) being formed in said top substrate (18) and 
having straight side-wall obtained by UV exposure 
of photosensitive plastics or by plasma etching of 
plastics or other micromachining, using a silicon mi- 
cromachined wafer for providing the mask for ob- 
taining the top substrate (1 8) and said outlet means 
(13, 14, 15). 

'. Liquid droplet spray device (5) according to claim 
4, 5 or 6, wherein said outlet means (1 3,14,1 5) and 
their dimensions and arrangement are adaptable to 
a certain type of medication, such as suspension or 
solution, and its characteristics such as viscosity, 
and wherein the dimensions of said substrate (8, 
8s, 18, 18a) and said space (9) are adaptable for 
providing optimum shape and ratios such as com- 
pression ratio for a certain type of medication. 

[. Liquid droplet spray device (5) according to anyone 
of claims 4 to 7, wherein said space (9) and said 
outlet means (13, 14, 15) are delimited by areas 
which are covered on certain parts with a hy- 
drophilic coating and [/or] on other parts with a hy- 
drophobic coating. 

i. Liquid droplet spray device (5) according to claim 
4, wherein said vibrating means comprises a vibrat- 
ing element (10) and electronic means (21) for ex- 
citing said element (10) and wherein the excitation 
of said element (10) is dependent on the type of 
medication, patient and inhalation airflow. 

0. Liquid droplet spray device according to anyone of 
claims 4 to 8, wherein said vibrating means com- 
prises a vibrating element (10) and electronic 
means (21 ) arranged for exciting said element (1 0) 
and wherein the excitation of said element (10) is 
dependent on the type of medication, patient and 
inhalation airflow, 

said vibrating element (10) being arranged in 
the immediate vicinity of said bottom substrate 
(8; 8a) of said liquid droplet spray device for act- 
ing on said liquid (4) when excited so as to 
cause vibration of the liquid in said space there- 
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by generating said droplet spray, and wherein 
said liquid spray device further comprises 
attachment means (1 0a) for ensuring that said 
vibrating element (10) remains in the immedi- 
ate vicinity of said bottom substrate (8; 8a). 5 

11. Liquid droplet spray device (5) according to claim 
4, 9 or 1 0, further comprising medication flow meas- 
urement means (19) for measuring the droplet 
spray ejection. 10 

12. Liquid droplet spray device (5) according to claim 
4, 9, 10 or 11, and wherein said vibrating means 
(10, 21) further comprises control means (16) for 
controlling the droplet spray deposition, said control 15 
means being arranged to determine the amount of 
droplets ejected. 

13. Liquid droplet spray device (5) according to claim 

11 or 12, wherein said flow measurement means 20 
(1 9) are located within top substrate (1 8, 1 8a) near 
one of said outlet channels (15). 

14. Liquid droplet spray device (5) according to anyone 

of claims 4 to 1 3, wherein said spray device further 25 
comprises means for heating said liquid (4). 

15. Liquid droplet spray device (5) according to anyone 
of claims 4 to 1 4, wherein said vibrating means (1 0, 

21) further comprises compensation means (16, 30 
21 a, 21 d) for compensating temperature influences 
on said vibrating element (10). 

16. Liquid droplet spray device (5) according to anyone 

of claims 4 to 15, further comprising a non-volatile 35 
memory means (29) associated with said vibrating 
means (10, 21) and being pre-stored with parame- 
ters containing the exact resonance frequency of 
said vibrating element (10) and with compensation 
factors for adapting said vibrating means to varying 40 
ambient conditions. 

17. Liquid droplet spray device (5) according to claim 

16, wherein said non-volatile memory means (29) 
further contains data concerning type of medication 45 
and or of patient intended for usage of said medi- 
cation and of the intended dosage. 

18. Liquid droplet spray device according to claim 16 or 

1 7, wherein said electronic means (21 ) is arranged 50 
so as to identify information from said non-volatile 
memory means (29) to accommodate the controlled 
administration of a mix of substances (4) or of more 
than one type of substance. 

55 

19. Inhaler (1) suitable for respiratory therapies com- 
prising an inhaler housing (2) containing a liquid 
droplet spray device (5) according to anyone of 



claims 4 to 1 8, and a mouth piece (6) which has an 
end arranged to be inserted into the mouth or nose 
of a person so that said droplet spray may enter the 
person's respiratory airway. 

20. Inhaler (1 ) according to the preceding claim, further 
comprising boosting means for providing an airflow 
boost to transport said droplet, and wherein said 
control means (16) further comprises inhalation 
flow measuring means for measuring the inhalation 
flow and for controlling said air flow boost. 

21. Inhaler according to claim 19 or 20 for delivering 
drugs or anaesthetics according to an individually 
predicted deposition of a corresponding droplet 
spray of a liquid substance or a mix of substances 
into a respiratory airway of a patient using a spray 
device, said electronic means (21 ) of said spray de- 
vice (5) comprising a frequency oscillator driving 
stage (21 d) which is arranged to vibrate the liquid 
at a predetermined frequency to create a droplet 
spray having mono-dispersive droplets of a prede- 
termined diameter, said electronic means being ar- 
ranged to measure and control the amount of drop- 
lets so as to eject a predetermined target amount 
of droplets, and to determine said predetermined 
target amount of droplets ejected De depending on 
the desired amount of droplets which are to be de- 
posited Dd in a certain lung region as a function of 
the inhalation flow rate and according to the follow- 
ing pre-programmed formula: 

Dd = (U*V*X*Y*Z) De 

wherein U and V are initial droplet loss factors which 
depends on the patient, and wherein X, Y and Z are 
predeterminable, physical parameters compound- 
ed in a lung model and a corresponding control al- 
gorithm and in which De is a target deposition dose 
set-point which depends on the patient and his or 
hers lung capacity. 

22. Inhaler according to claim 21 , wherein afirst fraction 
of the predicted deposition of the dose can be real- 
ised in a first inhalation at a given inhalation flow 
rate, and the remainder of the predicted deposition, 
if necessary, can be administered in one or more 
subsequent inhalations, each at a different inhala- 
tion flow rate. 

23. Inhaler for delivering drugs or anaesthetics, com- 
prising at least two liquid spray devices (5) accord- 
ing to anyone of the claims 11 to 18, wherein said 
flow measurement means (19) allows to detect the 
plugging of one or more of said spray devices, in- 
haler comprising control means (16) for switching 
the operation of a first of said at least two spray de- 
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vices to a second of said at least two spray devices 
when said first spray device is plugged in order to 
maintain the desired delivery. 

24. Liquid droplet spray device according to claim 12, 5 
wherein said electronic means and said control 
means control the vibration generation such that a 
single unit dose of said liquid is ejected from said 
device so that said liquid may be transferred onto a 
predetermined deposition surface. 10 



Patentanspruche 

1. Dusenkorper fur eine Fiussigtropfchen-Zerstauber- 15 
vorrichtung (5), wobei der genannte Dusenkorper 

zur Entgegennahme einer flussigen Substanz (4) 
aus dergenannten Fiussigkeits-Zerstaubervorrich- 
tung ausgelegt ist, und 

20 

ein Siliziumsubstrat (18, 18a), und 
AuslaBvorrichtungen (13, 14, 15), die in dem 
genannten Siliziumsubstrat (18, 18a) gebildet 
sind, zum AusstoBen der Flussigkeit in Form ei- 
nes monodispergierten Niederdruck-Tropf- 25 
chensprays, nachdem die genannte flussige 
Substanz einer Schwingung ausgesetzt ist, wo- 
bei die genannten AuslaBvorrichtungen einen 
verkurzten, sich pyramidenformig verjungen- 
den Hohlraum (1 3), der mikromaschinell in den 30 
genannten Siliziumsubstraten (18, 18a) erstellt 
wurde, und des Weiteren wenigstens eine Aus- 
laBduse (14) und wenigstens einen AuslaBka- 
nal (15) einschlieBen, wobei dieser den ge- 
nannten sich verjungenden Hohlraum (13) mit 35 
der genannten wenigstens einen AuslaBduse 
(14) verbindet und die genannte AuslaBduse 
(14) und der genannte AuslaBkanal (15) gerad- 
linige Seitenwande von engtolerierter vertikaler 
Lange und engtoleriertem Durchmesser auf- 40 
weisen, 

einschlieBt. 

2. Dusenkorper gemaB Anspruch 1, wobei die ge- 45 
nannten geradlinigen Seitenwande des genannten 
AuslaBkanals (15) und die genannte AuslaBduse 
(14) ein nahezu vertikales Profil aufweisen, wel- 
ches mittels einer tiefen vertikalen anisotropen 
Plasmaatzung des genannten Siliziumsubstrates 50 
(18, 18a) erlangt wird. 

3. Dusenkorper gemaB Anspruch 1, wobei die ge- 
nannten geradlinigen Seitenwande des genannten 
AuslaBkanals (15) und die genannte AuslaBduse 55 
(14) ein nahezu vertikales Profil aufweisen, wel- 
ches mittels UV-Belichtung eines fotosensiblen 
Kunststoffes, einer Plasmaatzung eines Kunststof- 



fes oder eines anderen mikromaschinellen Verfah- 
rens erlangt wird, wobei eine mikromaschinell er- 
stellte Siliziumwafer fur die Erstellung der Maske 
zur Erzeugung des Dusenkorpers Verwendung fin- 
det. 

4. Flussigtropfchen-Zerstaubervorrichtung (5) fur ein 
Inhalationsgerat (1), verwendbar fur Respirations- 
therapien, 

ein Gehause, 

einen Raum (9) im Inneren des Gehauses zur 
Aufnahme einer flussigen Substanz (4), 
Vorrichtungen (7) fur die Zufuhrung der ge- 
nannten flussigen Substanz (4) in den genann- 
ten Raum (9) und 

Vibrationsvorrichtungen (10), angeordnet zum 
Vibrieren der flussigen Substanz (4) im ge- 
nannten Raum (9), einschlieBend, 

dadurch gekennzeichnet, daB des Weiteren 
die genannte Flussigtropfchen-Zerstaubervorrich- 
tung einen im genannten Gehause angebrachten 
Dusenkorper gemaB eines der vorangehenden An- 
spruche einschlieBt, 

und dass die genannten Vibrationsvorrich- 
tung zum AusstoBen der flussigen Substanz (4) in 
Form eines monodispergierten Niederdruck-Tropf- 
chensprays durch die genannten AuslaBdusen (14) 
des genannten Dusenkorpers eingerichtet sind, 
wobei die Austrittsgeschwindigkeit sehr niedrig ist. 

5. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 4, wobei das genannte Gehause in Form 
einer UmschlieBung eines ersten oderoberen Sub- 
strates (18, 18a) und eines zweiten oder unteren 
Substrates (8, 8a) ausgebildet ist, wobei der ge- 
nannte AuslaBkanal (15) und die genannte 
AuslaBduse (14) im genannten oberen Substrat 
(18, 18a) ausgebildet sind und geradlinige Seiten- 
wande aufweisen, welche mittels einer tiefen verti- 
kalen anisotropen Plasmaatzung des genannten 
oberen Substrates (18) erzeugt werden. 

6. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 4, wobei das genannte Gehause in Form 
einer UmschlieBung eines oberen Substrates (18) 
und eines unteren Substrates (8, 8a) ausgebildet 
ist, wobei der genannte AuslaBkanal (15) und die 
genannte AuslaBduse (14) im genannten oberen 
Substrat (1 8) ausgebildet sind und eine geradlinige 
Seitenwand aufweisen, welche mittels UV-Belich- 
tung fotosensibler Kunststoffe, einer Plasmaatzung 
von Kunststoffen oder eines anderen mikromaschi- 
nellen Verfahrens erlangt wird, wobei eine mikro- 
maschinell erstellter Siliziumwafer fur die Erstellung 
der Maske zur Erzeugung des oberen Substrates 
(18) und der genannten AuslaBvorrichtungen (13, 
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14, 15) Verwendung findet. 

7. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 4, 5 oder 6, wobei die genannten 
AuslaBvorrichtungen (13, 14, 15) undderen Dimen- 5 
sionen und Anordnung an bestimmte Medikations- 
typen, wie beispielsweise Suspensionen oder L6- 
sungen, und deren Eigenschaften, wie beispiels- 
weise die Viskositat, adaptierbarsind, wobei die Di- 
mensionen des genannten Substrates (8, 8a, 18, 10 
18a) und des genannten Raumes (9) derart adap- 
tierbar sind, daB eine optimale Form und optimale 
Verhaltnisse, wie beispielsweise die Druckverhalt- 
nisse, fur bestimmte Medikationstypen erreicht 
werden. 15 

8. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
einem der Anspruche 4 bis 7, wobei der genannte 
Raum (9) und die genannten AuslaGvorrichtungen 
(13, 14,15) durch Flachen begrenzt werden, die an 20 
bestimmten Abschnitten mit einer hydrophilen 
Schicht und (oder) an anderen Abschnitten mit ei- 
ner hydrophoben Schicht bedecktsind. 

9. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 25 
Anspruch 4, wobei die genannten Vibrationsvor- 
richtungen ein Vibrationselement (10) und elektro- 
nische Vorrichtungen (21) zur Anregung des ge- 
nannten Elementes (10) einschlieBen, und die An- 
regung des genannten Elementes (10) vom Medi- 30 
kationstyp, vom Patiententyp und vom Typ der In- 
halationsluftstromung abhangig ist. 

10. Fiussigtropfchen-Zerstaubervorrichtung gemaB ei- 
nem der Anspruche 4 bis 8, wobei die genannten 35 
Vibrationsvorrichtungen ein Vibrationselement (10) 
und elektronische Vorrichtungen (21), ausgelegt 

zur Anregung des genannten Elementes (10), ein- 
schlieBen, und die Anregung des genannten Ele- 
mentes (1 0) vom Medi kationstyp, vom Patiententyp 40 
und vom Typ der Inhalationsluftstromung abhangig 
ist, und wobei 



24 

verbleibt. 

11. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 4, 9 oder 10, des Weiteren Medikations- 
durchfluBmeBvorrichtungen (19) zur Messung des 
Tropfchenspray-AusstoBes einschlieBend. 

12. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 4, 9, 10 oder 11 , wobei auBerdem die ge- 
nannten Vibrationsvorrichtungen (1 0, 21 ) weiterhin 
Steuervorrichtungen (16) zur Steuerung der Tropf- 
chensprayabgabe einschlieBen, wobei die Steuer- 
vorrichtungen derart ausgelegt sind, daB sie die 
Menge der auszustoBenden Tropfchen festlegen. 

13. Fiussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 11 oder 12, wobei die genannten Durch- 
fluBmeBvorrichtungen (19) im Inneren des oberen 
Substrates (18, 18a) in der Nahe der genannten 
AuslaBkanale (15) gelegen sind. 

14. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
einem der Anspruche 4 bis 13, wobei die genannte 
Zerstaubervorrichtung weiterhin eine Vorrichtung 
zur Erhitzung der genannten Flussigkeit (4) ein- 
schlieBt. 

15. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
einem der Anspruche 4 bis 14, wobei die genannten 
Vibrationsvorrichtungen (10, 21) weiterhin Kom- 
pensationsvorrichtungen (16, 21a, 21 d) zur Kom- 
pensation von Temperatureinflussen auf das ge- 
nannte Vibrationselement (10) einschlieBen. 

16. Fiussigtropfchen-Zerstaubervorrichtung (5) gemaB 
einem der Anspruche 4 bis 15, des Weiteren eine 
nicht-volatile Speichervorrichtung (29) einschlie- 
Bend, die den genannten Vibrationsvorrichtungen 
(10, 21) zugeordnet ist und in der Parameter, die 
die genaue Resonanzfrequenz des genannten Vi- 
bationselementes (10) enthalten, und Kompensati- 
onsfaktoren zur Anpassung der genannten Vibrati- 
onsvorrichtungen an verschiedene Umgebungsbe- 
dingungen, vorgespeichert sind. 

17. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 16, wobei die genannte nicht-volatile 
Speichervorrichtung (29) weiterhin Daten bezuglich 
des Medikationstyps und / oder des Patienten, fur 
den die Verwendung der genannten Medikation ge- 
plant ist, und der beabsichtigten Dosierung enthalt. 

18. Flussigtropfchen-Zerstaubervorrichtung (5) gemaB 
Anspruch 16 oder 17, wobei die genannte elektro- 
nische Vorrichtung (21) derart angeordnet ist, daB 
sie Informationen der genannten nicht-volatilen 
Speichervorrichtung (29) identifiziert, um die kon- 
trollierte Verabreichung einer Substanzenmi- 



das genannte Vibrationselement (1 0) in der un- 
mittelbar angrenzenden Umgebung des ge- 45 
nannten unteren Substrates (8, 8a) der ge- 
nannten Flussigtropfchen-Zerstaubervorrich- 
tung angeordnet ist, um dann auf die genannte 
Flussigkeit (4) einzuwirken, wenn es derart an- 
geregt wird, dass es eine Vibration der Flussig- 50 
keit im genannten Raum erzeugt und hierdurch 
das genannte Tropfchenspray erzeugt, und die 
genannte Flussigkeits-Zerstaubervorrichtung 
des Weiteren 

eine Befestigungsvorrichtung (10a) aufweist, 55 
um sicherzustellen, daB das Vibrationselement 
(10) in der unmittelbar angrenzenden Umge- 
bung des genannten unteren Substrates (8, 8a) 
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schung (4) oder von mehr als eines Substanztyps 
anzupassen. 

19. Inhalationsgerat (1), verwendbar fur Atmungssy- 
stemtherapien, ein Inhalationsgerategehause (2), 
das eine Flussigtropfchen-Zerstaubervorrichtung 
(5) gemaG eines der Anspruche 4 bis 18 entha.lt, 
und ein Mundstuck (6) einschlieGend, wobei dieses 
ein Ende aufweist, welches derart ausgelegt ist, 
daB es in den Mund oder in die Nase einer Person 
eingefuhrt wird, so daB das genannte Tropfchen- 
spray in den Atemluftweg der Person eintreten 
kann. 

20. Inhalationsgerat (1) gemaG des vorhergehenden 
Anspruchs, des Weiteren Verstarkervorrichtungen 
einschlieGend, um somit eine Verstarkung des Luft- 
stromes zum Transport der genannten Tropfchen 
zur Verfugung zu stellen, und worin die genannten 
Steuervorrichtungen (16) des weiteren Inhalations- 
fluGmeG-vorrichtungen zur Messung des Inhalati- 
onsflusses und zur Steuerung der genannten Ver- 
starkung des Luftstroms einschlieBen. 

21. Inhalationsgerat (1) gemaG Anspruch 19 oder 20, 
zur Abgabe von Arzneimitteln oder Anasthetika ge- 
maG einer individuell vorbestimmten Ablagerung ei- 
nes entsprechenden Tropfchensprays einer flussi- 
gen Substanz in den Atemluftweg eines Patienten, 
der eine Zerstaubervorrichtung verwendet, wobei 
die genannten elektronischen Vorrichtungen (21) 
des genannten Zerstaubergerates (5) eine Fre- 
quenzoszillatortreiberstufe (21 d) einschlieGen, die 
derart ausgelegt ist, dass sie die Flussigkeit in eine 
Schwingung vorbestimmter Frequenz versetzt, um 
so ein Tropfchenspray zu erzeugen, das monodi- 
spergierte Tropfchen vorbestimmten Durchmes- 
sers aufweist, wobei die genannten elektronischen 
Vorrichtungen zur Messung und zur Steuerung der 
Menge der Tropfchen ausgelegt sind, um somit eine 
vorbestimmte Zielmenge an Tropfchen auszuwer- 
fen, und um die vorbestimmte Zielmenge an auszu- 
werfenden Tropfchen De zu bestimmen, die von der 
erwunschten, in einer bestimmten Lungenregion 
abzulagernden Tropfchenmenge Dd abhangig ist, 
als eine Funktion der Inhalationsflu Grate und in Ab- 
hangigkeit von der folgenden vorprogrammierten 
Formel: 

Dd = (U*V*X*Y*Z) De 

wobei U und V initiale Tropfchenverlustfaktoren 
darstellen, die abhangig sind vom Patienten, und X, 
Y und Z vorherbestimmbare physikalische Faktoren 
darstellen, die sich aus einer Lungenform und ei- 
nem entsprechenden Steuerungsalgorithmus zu- 
sammensetzen, und De einen Einstellwert einer 



Zielablagerungsdosis darstellt, der vom Patienten 
und seiner Lungenkapazitat abhangig ist. 

22. Inhalationsgerat gemaG Anspruch 21, wobei eine 
5 erste Fraktion der vorbestimmten Ablagerung der 

Dosis, bei einer vorgegebenen Inhalationsflu Grate, 
mit einer ersten Inhalation erreicht werden kann, 
und wobei der Rest der vorbestimmten Ablagerung, 
falls notwendig, in einer, oder mehreren, folgenden 
10 Inhalationen, jeweils mit einer unterschiedlichen In- 
halationsflu Grate, verabreicht werden kann. 

23. Inhalationsgerat zur Abgabe von Arzneimitteln oder 
Anasthetika, mindestens zwei Flijssigkeitzerstau- 

15 bervorrichtungen (5) gemaG einem der Anspruche 
11 bis 18 einschlieGend, wobei es die genannten 
DurchfluGmeGvorrichtungen (19) erlauben, eine 
Verstopfung einer oder mehrerer der genannten 
Zerstaubervorrichtungen zu erkennen, wobei das 

20 Inhalationsgerat Steuervorrichtungen (16) ein- 
schlieGt, um den Betrieb einer ersten der genann- 
ten mindestens zwei Zerstaubervorrichtungen auf 
eine zweite der genannten mindestens zwei Zer- 
staubervorrichtungen umzustellen, falls die ge- 

25 nannte erste Zerstaubervorrichtung verstopft ist, zu 
dem Zweck, die gewunschte Abgabe zu erreichen. 

24. Flussigtropfchen-Zerstaubervorrichtung gemaG 
Anspruch 12, wobei die genannten elektronischen 

30 Vorrichtungen und die genannten Steuervorrichtun- 
gen die Schwingungserzeugung derart steuern, 
daB aus der genannten Vorrichtung eine Einzeldo- 
sis der genannten Flussigkeit ausgeworfen wird, so 
daG die genannte Flussigkeit auf eine vorbestimmte 
35 Ablagerungsflache ubertragen werden kann. 



Revendications 

1. Corps de buse pour un dispositif d'atomisation de 
gouttelettes liquides (5), ledit corps de buse etant 
concu pour recevoir une substance liquide (4) de- 
puis ledit dispositif d'atomisation liquide, compre- 
nant 

un substrat en silicium (18, 18a), et 
un moyen d'orifice de sortie (13, 14, 15) forme 
dans ledit substrat en silicium (18, 18a) pour 
ejecter le liquide comme atomisation de gout- 
telette mono dispersee a basse pression lors- 
que ladite substance liquide subit une vibration, 
ledit moyen d'orifice de sortie comprenant une 
cavite (13) conique en forme de pyramide de- 
coupee qui est micro-usinee dans ledit substrat 
en silicium (18, 18a), et comprenant, en outre, 
au moins une buse de sortie (14) et au moins 
un canal de sortie (15) raccordant ladite cavite 
conique (1 3) a ladite au moins une buse de sor- 
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tie (1 4), ladite buse de sortie (1 4) et ledit canal 
de sortie (15) ayant des parois laterales droites 
d'une longueur et d'un diametre verticaux a to- 
lerances serrees. 

5 

2. Corps de buse selon la revendication 1 , dans lequel 
lesdites parois laterales droites dudit canal de sortie 
(15) et de la buse de sortie (14) ont un profil presque 
vertical obtenu par attaque au plasma anisotrope 
verticale profonde dudit substrat en silicium (18, 10 
18a). 



3. Corps de buse selon la revendication 1 , dans lequel 
lesdites parois laterales droites dudit canal de sortie 

(1 5) et de la buse de sortie (14) ont un profil presque 15 
vertical obtenu par exposition aux ultraviolets de 
plastique photosensible ou par attaque au plasma 
de plastique ou par tout autre micro-usinage, en uti- 
lisant une pastille micro-usinee au silicium pour pro- 
curer le masque pour obtenir le corps de buse. 20 

4. Dispositif d'atomisation de gouttelettes liquides (5) 
pour un inhalateur (1 ) approprie pour des therapies 
respiratoires, comprenant : 

25 

un logement, 

un espace (9) a I'interieur dudit logement pour 
contenir une substance liquide (4), 
un moyen pour delivrer (7) ladite substance li- 
quide (4) dans ledit espace (9), et 30 
un moyen de vibrations (10) concu pour faire 
vibrer ladite substance liquide (4) dans ledit es- 
pace (9), 

caracterise en ce que ledit dispositif d'atomisation 35 
de gouttelettes liquides comprend, en outre, un 
corps de buse selon Tune quelconque des revendi- 
cations precedentes dispose dans ledit logement, 
et en ce que lesdits moyens de vibrations sont con- 
cus pour ejecter la substance liquide (4) sous forme 40 
d'atomisation de gouttelettes mono dispersees a 
basse pression a travers lesdites buses de sortie 

(14) dudit corps de buse a une vitesse de sortie tres 
faible. 

45 

5. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 4, dans lequel ledit logement 
est forme d'une superposition d'un premier substrat 
ou substrat superieur (1 8 ; 1 8a) et un second subs- 
trat ou substrat inferieur (8 ; 8a), ledit canal de sortie 50 

(15) et ladite buse de sortie (1 4) etant formes dans 
ledit substrat superieur (18 ; 18a) et ayant des pa- 
rois laterales droites obtenues par attaque au plas- 
ma anisotrope vertical profonde dudit substrat su- 
perieur (18). 55 

6. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 4, dans lequel ledit logement 



est forme d'une superposition d'un substrat supe- 
rieur (1 8 ) et d'un substrat inferieur (8 ; 8a), ledit ca- 
nal de sortie (15) et ladite buse de sortie (14) etant 
formes dans ledit substrat superieur (1 8) ayant des 
parois laterales droites obtenues par exposition aux 
ultraviolets de plastique photosensible ou par atta- 
que au plasma de plastique ou autre micro-usinage, 
en utilisant une pastille micro-usinee au silicium 
pour procurer le masque pour obtenir le substrat su- 
perieur (18) et ledit moyen d'orifice de sortie (13, 
14, 15). 

7. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 4, 5 ou 6, dans lequel lesdits 
moyens d'orifice de sortie (13, 14, 15) et leurs di- 
mensions et agencement sont adaptables a un cer- 
tain type de medication, telle qu'une suspension ou 
une solution, et a ses caracteristiques telles que vis- 
cosite, et dans lequel les dimensions dudit substrat 
(8, 8s, 18, 18a) et ledit espace (9) sont adaptables 
pour procurer une forme et des rapports optimaux, 
tel qu'un rapport de compression pour un certain ty- 
pe de medication. 

8. Dispositif d'atomisation de gouttelettes liquides (5) 
selon I'une quelconque des revendications 4 a 7, 
dans lequel ledit espace (9) et lesdits moyens d'ori- 
fice de sortie (13, 14, 15) sont delimites par des zo- 
nes qui sont recouvertes sur certaines parties avec 
un revetement hydrophile et [/ou] sur d'autres par- 
ties avec un revetement hydrophobe. 

9. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 4, dans lequel lesdits 
moyens de vibrations comprennent un element vi- 
brant (1 0) et un moyen electronique (21 ) pour exci- 
ter ledit element (1 0) etdans lequel I'excitation dudit 
element (1 0) est fonction du type de medication, du 
patient et du debit d'air d'inhalation. 

10. Dispositif d'atomisation de gouttelettes liquides se- 
lon I'une quelconque des revendications 4 a 8, dans 
lequel lesdits moyens de vibrations comprennent 
un element vibrant (10) et un moyen electronique 
(21) concu pour exciter ledit element (10) et dans 
lequel I'excitation dudit element (1 0) est fonction du 
type de medication, du patient et du debit d'air d'in- 
halation, 

ledit element vibrant (1 0) etant dispose au voi- 
sinage immediat dudit substrat inferieur (8 ; 8a) 
dudit dispositif d'atomisation de gouttelettes li- 
quides pour agir sur ledit liquide (4) lorsque ex- 
cite de facon a entratner la vibration du liquide 
dans ledit espace, generant de ce fait ladite 
atomisation de gouttelette, et dans lequel ledit 
dispositif d'atomisation de gouttelettes liquides 
comprend, en outre 
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un moyen de fixation (1 0a) pour s'assurer que 
ledit element vibrant (1 0) reste au voisinage im- 
mediat dudit substrat inferieur (8, 8a). 

11. Dispositif d'atomisation de gouttelettes liquides (5) 5 
selon la revendication 4, 9 ou 10, comprenant en 
outre un moyen de mesure de debit de medication 

(1 9) pour mesurer rejection des gouttelettes atomi- 
sees. 

10 

12. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 4, 9, 10 ou 11, dans lequel 
ledit moyen de vibrations (10,21) comprend, en 
outre , un moyen de commande (1 6) pour comman- 
der le depot des gouttelettes atomisees, ledit 15 
moyen de commande etant concu pour determiner 

la quantite de gouttelettes ejectees. 

13. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 11 ou 12, dans lequel lesdits 20 
moyens de mesure de debit (19) sont places a I'in- 
terieur dudit substrat superieur (18, 18a) aproximite 
d'un canal desdits canaux de sortie (15). 

14. Dispositif d'atomisation de gouttelettes liquides (5) 25 
selon I'une quelconque des revendications 4 a 13, 
dans lequel ledit dispositif d'atomisation comprend, 

en outre, des moyens pour chauffer ledit liquide (4). 

15. Dispositif d'atomisation de gouttelettes liquides (5) 30 
selon I'une quelconque des revendications 4 a 14, 
dans lequel lesdits moyens de vibrations (10,21) 
comprennent en outre des moyens de compensa- 
tion (16, 21a, 21 d) pour compenser les influences 

de la temperature sur ledit element vibrant (1 0). 35 

16. Dispositif d'atomisation de gouttelettes liquides (5) 
selon I'une quelconque des revendications 4 a 15, 
comprenant, en outre, un moyen de memoire rema- 
nente (29) associe auxdits moyens de vibrations 40 
(10, 21) et ayant pre-memorise dans celle-ci des 
parametres contenant la frequence de resonance 
exacte dudit element vibrant (1 0) et des facteurs de 
compensation pour adapter lesdits moyens de vi- 
brations a des conditions ambiantes variables. 45 

17. Dispositif d'atomisation de gouttelettes liquides (5) 
selon la revendication 16, dans lequel ledit moyen 
de memoire remanente (29) contient, en outre, des 
donnees concernant le type de medication et ou du 50 
patient devant faire usage de ladite medication et 

du dosage prevu. 

18. Dispositif d'atomisation de gouttelettes liquides se- 
lon la revendication 16 ou 17, dans lequel ledit 55 
moyen electronique (21 ) est concu de facon a iden- 
tifier les informations provenant dudit moyen de me- 
moire remanente (29) pour prendre en compte I'ad- 



ministration controlee d'un melange de substances 
(4) ou d'un ou plusieurs types de substances. 

1 9. Inhalateur (1 ) approprie pour des therapies respira- 
toirescomprenantun logementd'inhalateur (2) con- 
tenant un dispositif d'atomisation de gouttelettes li- 
quides (5) selon I'une quelconque des revendica- 
tions 4 a 18 et un diffuseur (6) qui comporte une 
extremite concue pour etre inseree dans la bouche 
ou dans le nez d'une personne de sorte que les 
gouttelettes atomisees peuvent entrer par la voie 
respiratoire de la personne. 

20. Inhalateur (1) selon la revendication precedente, 
comprenant, en outre, un moyen d'acceleration 
pour procurer une acceleration du debit d'air pour 
transporter ladite gouttelette, et dans lequel ledit 
moyen de commande (16) comprend en outre, un 
moyen de mesure de debit d'inhalation pour mesu- 
rer le debit d'inhalation et pour commander ladite 
acceleration du debit d'air. 

21 . Inhalateur selon la revendication 1 9 ou 20 pour de- 
livrer des medicaments ou des anesthesiques en 
conformite avec un depot individuellement predit 
d'une atomisation de gouttelette correspondante 
d'une substance liquide ou d'un melange de subs- 
tances dans le systeme respiratoire d'un patient en 
utilisant un dispositif d'atomisation, ledit moyen 
electronique (21) dudit dispositif d'atomisation (5) 
comprenant un etage d'attaque d'oscillateur en fre- 
quence (21 d) qui est congu pour faire vibrer le liqui- 
de a une frequence predetermines pour creer une 
atomisation de gouttelettes ayant des gouttelettes 
mono dispersees d'un diametre predetermine, ledit 
moyen electronique etant concu pour mesurer et 
commander la quantite de gouttelettes de facon a 
ejecter une quantite de gouttelettes cible predeter- 
minee et a determiner ladite quantite cible prede- 
terminee De des gouttelettes ejectees en fonction 
de la quantite desiree de gouttelettes qui doivent 
etre deposees Dd dans une certaine region du pou- 
mon comme une fonction du debit d'inhalation et en 
conformite avec la formule preprogrammee suivan- 
te 

Dd = (U*V*X*Y*Z) De 

dans laquelle U et V sont des facteurs de perte de 
gouttelettes initiaux qui sont fonctions du patient et 
dans laquelle X, Y et Z sont des parametres physi- 
ques predeterminables composes dans un modele 
de poumon et dans un algorithme de commande 
correspondant et dans laquelle De est un point de 
consigne de dose de depot cible qui est fonction du 
patient et de sa capacite pulmonaire. 
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22. inhalateur selon la revendication 21, dans lequel 
une premiere fraction du depot de dose predit peut 
etre realise dans une premiere inhalation a un debit 
d'inhalation donne et le reste du depot predit, si ne- 
cessaire, peut etre administre en une ou plusieurs 5 
inhalations ulterieures, chacune a un debit d'inha- 
lation different. 

23. Inhalateur pour delivrer des medicaments ou des 
anesthesiques, comprenant au moins deux dispo- 10 
sitifs d'atomisation de liquide (5) selon Tune quel- 
conque des revendications 11 a 1 8, dans lequel les- 
dits moyens de mesure de debit (1 9) permettent de 
detecter le bouchage d'un ou plusieurs desdits dis- 
positifs d'atomisation, I'inhalateur comprenant un 15 
moyen de commande (16) pour commuter le fonc- 
tionnement du premier desdits au moins deux dis- 
positifs d'atomisation sur un second desdits au 
moins deux dispositifs d'atomisation lorsque ledit 
premier dispositif d'atomisation est bouche afin de 20 
maintenir la quantite de delivrance desiree. 

24. Dispositif d'atomisation de gouttelettes liquides se- 
lon la revendication 12, dans lequel ledit moyen 
electronique et ledit moyen de commande com- 25 
mandent la generation de vibrations d'une maniere 
telle qu'une seule dose unitaire dudit liquide est 
ejectee dudit dispositif de sorte que ledit liquide 
peut etre transfere sur une surface de depot prede- 
terminee. 30 
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